Modulation by protein kinase C of nitric oxide and cyclic GMP poffation in cultured cerebellar granule cells.
The possible modulation of nitric oxide (NO) synthase (NOS) activity by protein kinase C (PKC) was investigated in primary cultures of rat cerebellar neurons. Incubation of the cells with L-arginine and nicotinamide-adenine dinucleotide phosphate (NADPH) produced detectable levels of NO, as quantified by photometric assay [0.14 +/- 0.03 nmol/h/dish (2.5 x 10(6) cells)]. The NO producing activity was paralleled by concomitant accumulation of cyclic GMP (cGMP) (0.12 +/- 0.02 pmol/dish). Downregulation of PKC by prolonged treatment with phorbol esters or inhibition of the kinase by treatment with 4taurosporine raised the basal levels of NO and cGMP five fold. When granule cells were incubated in the absence of extracellular Mg2+, N-methyl-D-aspartate and to a lesser extent, glutamate became effective in enhancing NO formation and cGMP accumulation with respect to the control. The NO and cGMP increases induced by the two agonists were almost doubled by treatment of the cells with staurosporine or depletion of PKC. Calphostin C. an inhibitor of the regulatory domain of PKC, was as effective as staurosporine in increasing the formation of NO in both resting and excited cells. These results indicate that downregulation or inhibition of PKC increase NOS activity in cerebellar neurons, and suggest that phosphorylation of NOS by PKC negatively modulates the catalytic activity of the enzyme in these cells.